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ABSTRACT 
A Method for Quantifying the Effects of Apomorphine 
Upon the Gnawing Syndrome of the Rat 
by 
Paul Robinson 
Utah State University , 1967 
Major Professor : Dr . Peter C. Wolff 
Department: Psychology 
Various methods were tried in an attempt to obtain a technique for 
quantifying the gnawing effects of apomorphine on rats. A technique using a 
restraining tube was developed . 
Under a 2 milligram per kilogram intraperitoneal injection of 
apomorphine , four female Long Evans hooded rats were placed on con-
tinuous and fixed reinforcement schedules using a gnawable pine block. 
Subjects would learn to turn their heads away from the gnawable object in 
order to obtain 15 seconds of gnawing time . The rate of response increased 
from less than one response in 5 minutes to over 3 responses per minute in 
10 one-half hour conditioning sessions. Rates of response stabilized during 
the last 5 experimental sessions and fixed ratio schedules of up to 5:1 were 
obtained in five additiohal 1 '1/ 2 hour sessions . 
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INTRODUCTION 
A study by Ernst ( 1964) provided evidence of the structure-effect 
relationship between apomorphine, dopamine, and their a-methylated 
derivatives. Pharmacological action of these drugs was studied in relation 
to the gnawing syndrome evoked in rodents . Ernst defined the gnawing syndrome 
as a 30 second duration of gnawing by a rat on the wire bottom of its cage. 
When attempting to determine the pharmacological action of drugs, 
the utility of a quantifiable operant response is readily recognized. Effects 
of a drug upon an organism are not always directly observable. Some are 
inferred from the behavior which is emitted. Every organism is responding 
to various stimuli simultaneously, therefore, it is important to determine 
what aspect of the organism's behavior is characteristic of the drug. To do 
this effectively, quantifiable behavioral procedures may be used. With these 
procedures, the behavior of the organism can be manipulated. In this way a 
drug-action correlation may be found. In some cases (such as the gnawing 
syndrome) the difficulty lies in finding a behavioral technique which adequately 
measures actions of the o;rganism which are contingent upon the drug. 
The objective of this study was to condition subjects under the 
influence of apomorphine to emit a designated operant response in order to 
obtain a gnawable object. An operant response which was easily quantified 
and relatively free from conflicting body movements was obtained. 
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REVIEW OF LITERATURE 
Literature relevant to this study is found in four areas . First are 
the studies pertaining to factor s which modify the effects of drugs on behavior. 
Second are the procedures involving pharmacological action. Studies relating 
to specific characteristics of the drug, both physiological and chemical, make 
up the third class . The tourth group includes studies concerning apomorphine 
elicitated gnawing. 
Factors which modify the effects of drugs on behavior 
In an article on drug action and animal behavior ( 1964), Cook stated, 
"There is a growing feeling that investigators should be more concerned with 
the relevant variables in a procedure and should carefully specify experimental 
contingencies when analyzing the interaction of drugs and behavior. " The 
reason for this is nicely illustrated in a recent review (Cook and Krelleher, 
1963). They report conflicting results on the effects of meprobamaJ.te is said 
to enhance the attack behavior of cats toward mice. Other reports state 
opposite results . Broadhurst ( 1962) shows the importance of hEredlity factors 
on drug action by showing variance of drug effect on different strains of a 
species. Rushton ( 1964) demonstrates the importance of past experience on 
drug action. Rats that were never given access to trial conditicns JPrior to the 
experiment, displayed different efffcts under the influence of dr 1gs than 
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"experienced" subjects. Wilson and Mapes (1964) state the importance of housing , 
handling, and feeding procedures on drug action. The influence of schedules of 
reinforcement is expressed by Dews ( 1964). 
Procedures used in studying pharmacological action 
Determining which behavioral method to use is a major problem when 
studying drug action. Evans ( 1964) feels that in most studies the procedures 
and results are not discussed fully enough. He states two important changes 
being made in pharmacological investigations. First, techniques requiring a 
higher level of CNS involvement are being sought rather than classical techniques. 
Secondly, there is a large increase in the use of chemical and electrical stimu-
lation. 
Evans refers to a procedure developed by Siegmund, et al. (1957) 
which determines pharmacological action by measuring the number and duration 
of writhing responses emitted by an organism. 
Randall and Selitte (1957) developed an inflamed foot method which has 
the advantage of allowing a subject to be a control and experimental animal at 
the same time. 
Hill ( 1950) used an avoidance conditioning technique to determine the 
pharmacological effect of morphine on a conditioned emotional response. 
Weiss and La ties ( 1961) used a titration schedule in an attempt to 
measure drug effects on pain tolerance. The responses of the animals to 
various size increases in aversive stimulation on FR or VI negative reinforce-
ment schedules were recorded. 
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Nilson ( 1961) also used electrical stimulation in his method. He 
implanted electrodes in the tails of mice and recorded the squeaks emitted by 
the subjects . Besides increasing the voltage in the study, he used various 
analgesics . He obtained analgesic drug ratios in animals equivalent to those 
found in human studies. For example, morphine was found to be six times as 
effective as codeine . 
A modification of Nilson' s technique was used by Evans (1961) . Instead 
of measuring a voltage-response correlation, an amperage-response corre lat ion 
was taken. The response recorded in this study was the "flinch- jump." Amperage 
was continuously increased on the subjects feet until he jumped. 
Masser man ( 1937 , 1938 , 1939, 1940) used techniques quite different 
from the ones previously stated. He chemically stimulated subjects by way of 
a micro-cannula electrode implanted in the hypothalamus and interperitoneal 
injections . In acute experiments he recorded drug effects on the respiration 
rate and blood pressure . In recovery experiments he recorded the behavior 
emitted by the organism. Most of the behavior was relative to fear and rage. 
Grossman (1962) also used direct hypothalamic stimulation by drugs. He 
administered drugs to block hypothalamic mechanisms . 
Whitehouse (1964) conditioned rats to alternation problem solving 
situations in a maze . The effect of atropine on this discrimination learning 
was recorded. 
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Drug characteristic studies 
Paul (1960) studied the instability of apomorphine hydrochloride. He 
states that when this salt is kept at a PH between 1 and 3 that it is stable for 
as long as six months. Decomposition of apomorphine hydrochloride is 
found to be a function of PH and atmospheric conditions. 
Brucke, Patsche, Sailor, and Stumpf (1957) show that apomorphine 
converts the electroncephalograph in rabbits to an arousal reaction pattern. 
Severance of the midbrain at the level of the colliculi abolishes the changes 
brought on by apomorphine . Severance more caudally has no effect. They 
conclude that apomorphine and adreneline have similar points of attack on 
the ascending recticular system. 
Gnawing syndrome studies 
As previosuly stated, Ernst (1964) attempted to provide evidence for 
a structure effect relationship between apomorphine, depamine, and their 
0-methylated derivatives. The pharmacological action of these drugs was 
studied in relation to the gnawing syndrome . 
A 0. 7 mg dose of apomorphine was given to a group of rats. Each 
rat weighed from 60 to 80 gm. These animals exhibited an increased locomotor 
activity and an intense gnaw-compulsion syndrome within 5-7 minutes for a 
period of about 1-1 1/ 4 hours . Thirty minutes after injection the animals were 
treated with varying doses of p-methoxyphenylethylamine, 3, 4-dimethoxy-
phenylethylamine, 3 , 5-dimethoxypehnylethylamine, or bulbocapnine. This 
study concluded that (1) The phenylethylamine-configuration with an OR-group 
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at the para-position or at both the para- and meta-positions of the phenolring 
is essential for provoking a gnaw-compulsion syndrome; (2) Replacement of 
the OR-group at the para-position or at both the para- and meta-position by 
an OCH3 -group antagonizes this effect and induces a hypo kinetic state; 
(3) Occupation of the meta-position by an OH- or OCH3 - group in the absence 
of similar groups at the para- position invariably causes hyperkinesis. 
Roberts and Carey (1965) used intercranial stimulation of the hypo-
thalamus to initiate the gnawing syndrome. In that study the subjects were 
required to run a maze to obtain a gnawable object. 
Weissman (1966) inj ected apomorphine into pigeons. The pigeons 
exhibited floor pecking behavior under the influence of apomorphine. Pigeons 
that had previously been conditioned to key pecking at low rates for food, were 
also injected. The result was an increase in the pe cking rate by one pigeon. 
Hensiak and Cannon (1965) compared the pharmacological effects 
of N-allylnorapomorphine and apomorphine hydrochloride . It was found that 
convulsions could be initiated in male mice by injecting 118 + 13 mg/ kgm of 
apomorphine interperitoneally. Dosages of N -allylnorapomorphine exceeding 
100 mg/ kgm produced ataxia and locomotor depression, but did not cause 
convulsions . Gnawing was initiated using subconvulsive dosages of 2. 65 :!=_ 
1. 8 mg/ kgm apomorphine and 10.5 + 1. 8 mg/ kgm N-allylnorapomorphine. 
Apomorphine was found to be 2. 2 times as potent as N-allylnorapomorphine 
in initiating gnawing responses. Both drugs initiated the pecking syndrome 
in pigeons. 0. 5 mg/ kgm of apomorphine was used. Only cumulative pecking 
8 
responses were recorded. The mean number of responses for apomorphine 
hydrochloride and N-allylnorapomorphine were 5896 and 2694, respectively. 
METHODS OF PROCEDURE AND RESULTS 
Experiment 1: An attempt to differentially 
reinforce maze performance with gnawable 
objects under apomorphine 
9 
Subjects. The subjects were female Long-Evans hooded rats weighing 
from 240 to 290 gm. They were eight weeks old and six in number. 
Drugs and dosage. The drug used was apomorphine. In order to get 
the apomorphine into solution for the injection, it was dissolved in dilute 
hydrochloric acid. The solution was then evaporated, leaving a salt residue 
of apomorphine hydrochloride. The apomorphine hydrochloride was then 
easily solvated by distilled water. 
Apomorphine 
Apparatus. A maze was constructed out of 3/4 inch plywood. The 
start box, arms, and goal boxes of the T maze were 6 inches x 4 1/2 inches, 
with an open top. The start box and goal boxes were 12 inches long and painted 
black. The three sections of the maze comprising the T were each 15 inches 
long and painted black. Inserts that opened by being raised up were located 
at the exit from the start box and at the entrances to the goal boxes. The 
inserts at the entrances to the goal boxes were left up at all times. 
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The maze was modified for the black-white discrimination experiment 
by covering the floors and walls of the arms with white and black sheet metal 
inserts that could be shifted between the arms to provide cues for discrimination. 
A plywood box 32 inches x 32 inches and 18 inches high was used to 
place the animals in for preliminary tests. The top was open and the front 
was clear plastic for unobstructed observation. 
The gnawable objects were 1 inch cubed pine blocks, a rubber ball 
2 inches in diameter, a 3/4 inch x 3/4 inch x 4 inches plastic block, and card-
board rectangles 1 inch x 1 inch x 2 inches. None of the objects were fastened 
down. They were easily manipulated by the subjects. 
Behavioral procedures. Preliminary procedures to determine the 
effects of the drug and the most suitable dosage were performed. Subjects 
were individually placed in an observation box after being injected. Usually 
they commenced to explore the box immediately. Exploration of the box never 
lasted more than five minutes. 
The relationship of elicited gnawing to hunger was examined by 
placing two rats on a forty-eight hour deprivation schedule. They were then 
injected and placed in the observation box. When the "exploratory behavior" 
(sniffing, looking, and moving around) became apparent, either mesh chow 
or pellets were placed in the center of the box. 
During the first trials using the maze, a block of wood was placed 
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in one arm 6 inches to either the right or left of the choice point of the maze 
rather than the goal box. A subject was injected and placed in the observation 
box until the exploratory behavior and gnawing movements became apparent. 
Next the subject was placed in the starting box for 10 seconds. After the 10 
seconds, the door to the maze was raised. When the subject learned to choose 
the arm containing the object, the object was moved farther down the arms until 
the subject was making the correct choice with the object in the goal box. The 
subject was replaced in the starting box and rerun after gnawing on the wooden 
object for 15 seconds. 
Results. Gnawing in the absence of injection was not observed in the 
test conditions. When the drug was injected, exploratory behavior and gnawing 
movements were observed to occur for a duration of up to 8 hours after injection. 
The gnawing and exploratory behavior usually began from 15 to 30 minutes after 
injection. 
For the first half hour each subject was relatively stationary except 
for its brief initial exploration of the observation chamber. After approximately 
30 minutes, each subject would begin moving about the chamber. The head was 
drawn toward the body and held close to the ground. When moving, the limbs 
were extended only slightly and the steps were short. The weight of each subject 
appeared well distributed on all four limbs when stationary. The direction in 
which a subject moved changed frequently for the following 15 minutes. Moving 
backward and pivoting around was common during this time. For the last 45 
minutes of the session, the exploratory locomotion was mostly in a forward 
direction. It was also a common occurance for a subject to stand on its 
haunches and inspect the walls. No area of the chamber was favored by 
any of the subjects. All of them moved continaully around in the chamber 
during the last 45 minutes of the session. 
12 
Gnawing movements were observed to occur concurrently with the 
exploratory behavior. Within a few minutes this licking behavior became non-
existent and only gnawing movements remained. Once the gnawing movements 
were initiated, they continued for the length of the session. 
The gnawing movements were very distinct. The mouth was usually 
opened as wide as possible and then slowly closed as the teeth scraped along 
an object. 
The subjects did not use their forepaws to grasp and hold an object 
being gnawed. The digits were never tightly contracted against objects. 
When gnawing on wood or any other fragmentable object, the subject would 
usually eject a fragment when it was pulled loose. In a few instances, however, 
the fragment would not be ejected immediately, but would continue to be chewed 
on by a subject for as long as 2 minutes. 
None of the subjects went directly to the food in any of the tests. 
When a subject did encounter the mesh chow as it moved about the box, it did 
not eat the chow. When rat chow pellets (approximately 1/2 inch x 1 inch x 2 
inches) were substituted for mesh chow in the above conditions, some of the 
subjects did gnaw the pellets when they encountered them. However, the 
duration of gnawing never lasted more than a few seconds. The subjects 
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would then continue to move about the box, sniffing and gnawing at the walls 
and floor. 
The subjects demonstrated the same type of exploratory and gnawing 
behavior as seen in the observation box. Forward motion down the maze was 
slow. The subjects gnawed at the floor and walls as they moved. Backing up, 
turning around, and standing on their haunches occurred frequently. The subjects 
gave no special attention to the block of wood when it was encountered. Four 
subjects were run. Each subject was given four trials every session. The 
results were all the same. None of the four gnawing subjects learned to select 
the arm containing the gnawable object, or the object itself. A subject would 
run the maze, but would not remain in any one place for more than a few seconds. 
When a subject encountered the end of the maze it would turn about and continue 
back to another arm. The exploration of the maze continued throughout the session. 
As in the unconditioned response situation, each subject displayed gnaw-
ing movements concurrently with the exploratory behavior. Gnawing was non-
specific and directed toward any object encountered including the floor and walls 
of the chamber. Metal inserts were put in position in an attempt to stop the 
subjects from gnawing at the floor and walls. The results under these con-
ditions were similar to those obtained when the floor and walls of the chamber 
were wood. The subjects gnawed on anything! Therefore, position learning 
by the subjects to obtain a gnawable object was not accomplished. No subject 
would run the maze in order to obtain a specific gnawable object. In some 
cases a subject would gnaw at its own tail to the point of drawing blood. 
As a consequence of the results obtained in the position learning 
experiment, black-white discrimination was not attempted. 
Experiment 2: Operant conditioning in a free 
moving environment with gnawable objects 
under apomorphine 
14 
Subjects. The subjects were female Long-Evans hooded rats weighing 
from 240 to 290 gm. They were 10 weeks old and four in number. 
Drugs and dosage. Apomorphine was converted to a hydrochloride 
salt and given interperitoneally. The dosage given was 2. 0 mg/ kgm. 
Apparatus . Two test chambers 12 inches x 12 inches x 14 inches were 
built out of 3/ 4 inch plywood. The tops of the chambers were left open to allow 
unrestricted observation. On one side of each chamber, sheet metal was 
substituted for plywood. A hole 2 inches in diameter was made in the sheet 
metal, 2 inches above the floor and 2 inches from the corner of the chamber. 
A cap 3 inches in diameter and 2 inches deep was placed over the hole from 
outside the chamber. This allowed a subject to place its head in the hole while 
inhibiting visual stimulation from the environment outside the chamber. Two 
different types of covering were used during the experiment. First the floor 
and walls were covered with sheet metal. Later on in the experiment, sand-
paper was substituted for the sheet metal. 
The gnawable object used was a 1 inch cubed, pine block. It was 
lowered into the chamber manually with a pulley when a subject emitted the 
desired operant. 
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Procedures. A baseline for gnawing behavior was obtained by placing 
each subject in a test chamber with a 1 inch x 1 inch x 1 inch pine block for 
three sessions on consecutive days and recording the number of times a 
subject would place his head in the hole. After a baseline was obtained each 
subject was run one session every other day for 2 weeks. Each session con-
sisted of injecting a subject with 2 mg/kmg. of apomorphine and then placing 
it in a chamber for 1 and 1/2 hours. A block of wood 1 inch cubed was lowered 
into the test chamber to the subject's right side of the hole every time the 
subject attempted the desired operant (placing its head in the hole). A high 
rate of responding on a fixed-ratio reinforcement schedule was the desired 
result. 
Results. The results obtained are similar to those recorded for experi-
ment 1. When the drug was injected, exploratory behavior and gnawing move-
ments were observed to commence from 20 to 30 minutes after injection and 
last for the duration of the session. 
Each subject was stationary for the first half hour of the session. 
Exploratory behavior was then displayed in the same manner as in Experiment 
1. First the locomotion was a mixture of moving backward, rotating, forward 
movements. For the last 45 minutes of the session the movement was mainly 
in a forward direction. A subject would move continually around the perimeter 
of the chamber, occasionally standing on it's haunches and inspecting the walls. 
Gnawing movements occurred concurrently with the exploratory behavior. 
When the chambers were lined with sheet metal, licking was apparent at the onset 
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of the exploratory behavior . After a few minutes however, the gnawing move-
ments took the place of the licking behavior. Once the gnawing movements took 
place, they continued for the length of the session. 
When the chambers were lined with sandpaper, no licking occurred. 
Instead gnawing movements were observed to occur as soon as the exploratory 
behavior began. Although the sandpaper was put in the chamber to stop the 
subjects from gnawing on the walls and floor, no decrease in gnawing move-
ments directed toward the floor and walls was observed. The subjects would 
gnaw on the sandpaper for the remainder of the session although the sandpaper 
caused cuts around the mouth and gums of some subjects to the extent of 
bleeding. The sand was gnawed off the paper, instead reoccurring opening of 
the mouth as wide as possible and closing it slowly as the mouth region was 
drawn across the sandpaper was observed. 
Although gnawing movements were made by the subjects, no preference 
was made between the walls, floor, hole, or wooden block. In none of the 
preceding test conditions was it possible to condition the subjects to emit an 
operant response in order to obtain a gnawable object. 
Experiment 3: Operant conditioning in a 
restricted environment with gnawable objects 
under apomorphine 
Subjects. The subjects were 4 female Long-Evans hooded rats weigh-
ing from 240 to 290 gm. They were 12 weeks old. 
Drugs and dosage. Apomorphine was converted to a hydrochloride salt 
and given interperitoneally. The dosage given was 2. 0 mg/kgm. 
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Apparatus. A steel restraining tube 2 1/4 inches in diameter and 
7 1/ 4 inches long was mounted on a platform which was 5 1/ 2 inches above 
the floor of the test chamber. The tube had two bolts running through its 
diameter, one 1/ 4 inch from the front end and the second one 3/4 inch from 
the back end. The bolts were used to restrain a subject. A wooden object 
1 1/2 inches x 1 1/2 inches x 2 inches in front of the platform held the restrain-
ing tube. The rack was at a 90 degree angle in relation to the front of the tube 
and allowed the wooden object to be moved by a pulley system from directly in 
front of the tube to as far as 8 inches to either side. The tube was mounted 
in such a way that the distance from the front of the tube to the wooden object 
could be adjusted from 2 1/ 4 inches to 1/ 2 inch although during the test sessions 
the distance was held constant at 1 1/ 2 inches. 
A light source which directed a beam toward a photoelectric cell in a 
vertical direction in relation to the floor was mounted on the floor of the chamber 
1 inch to the left of the side of the front of the tube. A LDR-GI photoelectric 
cell 110v DC/ 110v AC was mounted 1 inch to the left of the tube on a metal 
plate which was perpendicular to the floor. A 12v light was also mounted on 
the metal plate 2 inches above the top of the metal tube and 2 inches to the left. 
This light was turned on whenever a subject interrupted the photoelectric 
beam. 
Behavior tests. In order to place a subject in the restraining tube, the 
bolt at the back of the tube was removed. A subject was placed in the tube 
(head first) and the bolt was then replaced. This created a situation in which 
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a subject's head was protruding from the front of the tube allowing free head 
movement, but relatively little body movement. E ach time a subject turned 
its head to its right far enough to break the light source to the photoelectric 
cell, it was presented with the wooden object for 15 seconds . The object was 
always presented from the left side. 
Subjects injected with a saline solution were placed in the tube for a 
1 1/2 hour session. A session consisted of placing a subject in the tube for 15 
minutes, removing the subject and injecting the drug, and then replacing the 
subject in the tube for 1 hour and 15 minutes. The number of times the subject 
set off the photoelectric cell was recorded as well as the number of times the 
wooden object was presented. 
Results. Spontaneous gnawing by the saline injected subjects was 
almost nonexistant. Exploratory behavior in the form of head movement in all 
directions was displayed by the subjects. This lasted up to 15 minutes after 
being placed in the tube and was not accompanied by gnawing movements. For 
the remainder of the session each subject would draw its head in as much as 
possible and lay down in the tube . The number of responses from the saline 
injected animal which broke the photoelectric beam ranged from three to twelve 
for a complete 1 hour session. 
Figures 1 through 6 represent the total number of responses emitted 
per session by the subjects under the test conditions stated . In Figure 1, Subject 
1 increased from 79 responses in the first session to 128 responses during the 
fourth session. When subject 1 was required to emit FR repertoires of FR-2, 
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FR-3, and FR-5 his number of responses decreased, but he still maintained 
the operant over the entire session. 
Figure 2 also represents a replication of the head turning operant for 
subject 2. Subject 2 demonstrated a gradual build up of total responses over 
the CRF condition and showed a gradual decline in responses as the FR require-
ment was raised from 2 to 5. 
Figures 3, 4, 5, and 6 show the results of four subjects where ten 
sessions on a CRF schedule were performed prior to the raising of the FR 
requirements. The result was a stabilization of number of responses during 
a session. Once the responding started, it continued at a rather constant pace 
throughout the session. As the FR requirement was raised, a decline in total 
responses per session occurred. 
Figures 7 through 12 represent the rate of response of the subjects 
under the test conditions. In Figure 7, subject 1 increased from 1. 1 responses 
per minute in the first session to 2. 3 responses per minute in the fourth session. 
When the FR requirements were increased, the rate of responding decreased. 
TI;Ie rate of responding by subject 2 is shown on Figure 8. The results were 
similar to Figure 7. 
Figures 8 through 12 show the rate of responding for subject 3 through 
subject 6 respectively. The response rate increases under CRF conditions and 
then tended to stabilize. As the FR requirement was raised, the rate of response 
was found to decrease. 
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Figure 1. The total number of head turning responses given by Subject 1 
during each session . The first four sessions were on a 
continuous reinforcement schedule. The final three sessions 
were on FR schedules of 2, 3, and 5 in that order. 
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Figure 2. The total number of head turning responses given by Subject 2 
during each session. The first four sessions were on a 
continuous reinforcement schedule. The final three sessions 
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Figure 3. The total number of head turning responses given by Subject 3 
during each session. The first ten sessions were on a continuous 
reinforcement schedule. The last five sessions shows the FR 
requirement raised from FR-2 to FR-5. 
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during each session. The first ten sessions were on a 
continuous reinforcement schedule. On the last five sessions, 
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requirement was raised from FR-2 to FR-5. 
26 
I I 
2.20 I I 
2.00 
,, 
.E ,, 
:::s 
~ 1. 80 I ·.-< s I <J.) 1-4 1. 60 I 1 0. 00 
<J.) 
I 00 ~ 1. 40 0 
0. I FRL 00 <J.) 1. 20 1-4 
<J.) I I ....... 
cd 1. 00 1-4 I <J.) 00 
I I ~ . 8 0 0 0. 
00 I I <J.) p:; 
.60 
.40 
I I FR-5 
I I 
I 
. 20 ; I I 
t I I II I I II It 
1 2 3 4 5 6 7 8 9 10 11 12 
Session Number 
Figure 7. Rate of head turning responses given by Subject 1 during each 
session. The first four sessions were on a continuous reinforce-
ment schedule. On the last three sessions, the FR requirement 
was raised from FR-2 to FR-5. 
27 
3.00 
2.80 
2. 60 
2. 40 
2.20 
2.00 
..-.. 
~ 
;j 1. 80 ~ 
..... 
s 
>-< 1. 60 ()) 
0.. 
rn 
()) 1. 40 rn 
~ 
0 
0.. 
rn 1. 20 ()) jFR-21 
>-< I 
I I I ()) 1. 00 I ..... I ell I >-< I I ()) 
rn 
. 80 lFR-1 ~ I 0 I I I 0.. 
rn I JFR-5 ()) . 60 p:: I 
' 
I 
I 
.40 I 
.20 I 
I 
1 2 3 4 5 6 7 8 9 10 11 12 
Session Number 
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The first four sessions were on a continuous reinforcement schedule. 
On the last three sessions, the FR requirement was raised from 
FR-2 to FR-5. 
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On the last five sessions, the FR requirement was raised from FR-2 
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ment schedule. On the last five sessions, the FR requirement 
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session. The first ten sessions were on a continuous reinforce-
ment schedule. On the last five sessions, the FR requirement 
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DISCUSSlON 
While a conditioned operant response was being obtained from the 
subjects many problems were encountered . At first each subject was placed 
in test chambers with unrestricted body movement. Apomorphine was injected 
before attempting to condition certain behavior , It was observed that the subject 
would gnaw on almost anything that was encountered. In an effort to reduce the 
subject' s gnawing behavior to just the desired object placed in the test chamber' 
various types of material ranging from course sandpaper to plastic and glass 
were used as covering for the walls and floor. Platforms with no walls were 
also used. Objects varying in size , shape , and kind of material were also tested. 
None of the above conditions was effective in limiting the gnawing behavior to a 
certain object. The only procedure found to be effective in limiting the gnawing 
behavior was to allow first head movement for the subject while the rest of the 
animal ' s body was restrained. 
In the study by Roberts and Carrey (1964), it was stated that the subjects 
preferred to gnaw on the edges of objects . In their article, they also stated 
that "gripping the edge with their incisors , they braced their forepaws against 
an adjacent surface and pulled backward with head and shoulders." While in the 
present experiment the materials in the test conditions were varied in order to 
reduce the subjects gnawing behavior to just the desired object, a situation was 
set up where a subject was placed on a 24 inches x 24 inches pane of glass setting 
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on a 42 inches high stool. There were no walls. Under this condition the subject 
was observed to grip the edge of the glass underneath his feet with his incisors 
and pull backward with head and shoulders . 
In experiment 3 the subjects were conditioned to emit an operant 
response in order to obtain a gnawable object. Subbessive approximation was 
used to shape the subjects to turn their heads to the right thereby breaking the 
light beam to the photoelectric cell. A subject was considered to be shaped once 
it had emitted a 90 degree head turn to the right and had broken the light be:::.m. 
The time required to shape the subjects varied considerably. Two of the subjects 
were shaped within 2 hours, while the other four took longer. One subject 
required 14 hours to become shaped. The first recorded session for each 
subject began when it turned its head far enough to the right to break the light 
beam for the first time . 
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SUMMARY 
This study was divided into three experiments. In the first experiment 
subjects were injected with apomorphine and placed in an observation box to 
determine the behavioral effects of the drug. The drug was observed to 
initiate exploratory behavior and gnawing movements. The subjects were 
then placed in a maze in an effort to condition the operant behavior of running 
a maze to obtain a gnawable object. The maze running behavior was not obtained, 
however, due to the fact that the gnawing was not specifically directed. The 
subjects gnawed on any and all things. 
In the second experiment, the subjects (under the influence of 
apomorphine) were to place their head in a 2 inch diameter hole located on a 
wall of the test chamber in order to obtain a gnawable object. The subjects emitted 
much exploratory behavior, but were never conditioned to emit the desired operant 
for the same general reasons as in experiment 1. 
In the third experiment the body movements of the subjects were 
restricted by placing them in a tube with their heads extended out the front. 
When all body movements (except the head and neck) were restricted, it was 
possible to condition the subjects to emit an operant response in order to obtain 
a gnawable object. The operant was easily quantified and relatively free from 
conflicting body movements. Each subject was required to turn its head to the 
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right 90 degrees and break a light beam to a photoelectric cell. The gnawable 
object was delivered from the left side. 
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CONCLUSION 
In conclusion, subjects under the influence of apomorphine, can be 
conditioned to emit an operant response in order to obtain a gnawable object. 
The subjects could be conditioned to emit as many as five head turning responses 
in order to gain access to a gnawable object for 15 seconds. Since the subject 
could be trained to turn their heads in the opposite direction from the gnawable 
object, it was concluded that the gnawable object was a reinforcing stimulus 
controlling operant behavior and not simply an unconditioned stimulus eliciting 
a reflex. 
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